Abstract. We examined the role of interstitial cells of Cajal (ICC) in the ascending and descending neural reflexes in the ileal segments prepared from wild type mice and c-kit mutant W/W V mice. Localized distension of the ileal segments from wild type mice with a small balloon caused contraction or relaxation of the circular muscle on the oral or anal side of the distended region, respectively. However, these intestinal reflexes were not induced in the ileal segments from the mutant mice. In the small strips that include the step of the pathways from efferent motor neurons to smooth muscle cells, nerve stimulation induced contraction of circular muscle in the absence of atropine and relaxation in the presence of atropine. The extent of nerve stimulation-induced contractions and relaxations of the ileal circular muscle were similar in wild type and W/W V mice. The responsiveness of ileal circular muscle to exogenously added acetylcholine and Nor-1, a nitric oxide donor, was also unaffected in the mutant ileum. Since previous immunohistochemical study had revealed selective loss of ICC within the myenteric plexus (ICC-MY) in the mutant ileum, it was concluded that ICC-MY have an essential role in ascending and descending neural pathways in the mouse ileum.
Introduction
Interstitial cells of Cajal (ICC) were classified based on their localization in gastrointestinal tract tissue: ICC present in myenteric plexus region (ICC-MY), ICC present in intra-longitudinal and -circular muscle layer (ICC-IML and -IMC, respectively), ICC present in deep muscular plexus (ICC-DMP), and ICC present in submuscular plexus (ICC-SMP). The roles of ICC in inducing and in regulating autonomic rhythmic electrical activity of the gastrointestinal tract have been intensively studied. Studies using c-kit mutant mice have resulted in many important findings. The mutant W/W V mice lost ICC and this loss varied with the region of the gastrointestinal tract. ICC-IMC were lost in the lower esophageal sphincter (1), fundus (2) , and pyloric sphincter (1) of W/W V mice. Interestingly, inhibitory junction potentials (i.j.ps) and relaxant response were also lost in these regions, suggesting an essential role of ICC-IMC in the inhibitory neurotransmission (2) . Acetylcholine (ACh)-mediated excitatory junction potentials (e.j.ps) and contractile response were lost in the fundus of the mutant, suggesting the role of ICC-IMC in excitatory neurotransmission (3) . There are also reports on the role of ICC in the intestine. Namely, ICC-MY were significantly decreased in the ileum of W/W V mice, with no impairment of nitric oxidemediated i.j.ps (4); additionally, in another c-kit mutant, Sl / Sl d mice, the same authors reported that ICC-MY, but not ICC-DMP were lost, with no defect of e.j.ps and i.j.ps (5) . From these findings, they suggested that ICC-DMP, but not ICC-MY, are important for the neurotransmission in the mouse small intestine.
Recently, we suggested that ICC-MY have an essential role in inducing nitric oxide-mediated nonadrenergic, noncholinergic (NANC) relaxation of longitudinal muscle of the mouse ileum and that they also partly participate in electrical field stimulation (EFS)-induced contraction, since contraction and relaxation induced by EFS were affected in the ileum of the mutant W/W V mice in which ICC-MY were selectively lost (6) . However, the role of ICC in the peristalsis of the intestinal tract by which luminal contents are transported from the oral side to the anal side has not been studied. Stimuli applied to the intestinal wall produce contraction on the oral side (ascending contraction) and relaxation on the anal side (descending relaxation) of the stimulated region, resulting in peristaltic movement (7) . Myenteric neurons are known to contain neural pathways responsible for peristalsis of the intestine (for reviews, see refs. 8, 9) . The neural pathways of ascending and descending reflex contain afferent sensory neurons and interneurons, and excitatory or inhibitory motor neurons. These neural pathways have been studied by either the inflation of a small balloon in the intestine (10) or by mechanical distension (11) to produce a localized stimulus. Therefore, it was of interest to study the association of ICC with the neural pathways of ascending contraction and descending relaxation. The c-kit mutant mouse is a useful experimental model for this purpose. However, there is yet no reported study using the c-kit mutant to investigate neural pathways.
ACh and tachykinins were suggested to be possible mediators of efferent excitatory motor neurons (11, 12) . In contrast, the mediator of efferent inhibitory motor neurons has not been sufficiently clarified due to the diversity of the mediator, that is, species, strain, and regional differences (13 -15) . Nitric oxide was first suggested as an NANC inhibitory mediator in the descending relaxation in the rat proximal colon (16) . The role of nitric oxide was also suggested in the rat ileum (13, 17) . Studies using mechanical radial stretch revealed the role of vasoactive intestinal peptide (18, 19) and pituitary adenylate cyclase activating peptide (20) as well as nitric oxide in the rat colon (21) . However, there is no report studying ascending contraction and descending relaxation and the mediators involved in those events in the mouse intestine.
In the present study, we examined the role of ICC in ascending and descending reflexes in the mouse ileum and conclude that ICC-MY have an essential role in both neural reflexes. We also discuss the site where ICC-MY are associated with both neural pathways.
Materials and Methods
The c-kit mutant mice, WBB6F1-W/W V , and wild type mice (+/ +) (8-week-old) were purchased from Japan SLC (Shizuoka). The origin of parental strains has been described in detail (22, 23) . The animal experiments were performed using procedures approved by the institutional Animal Use and Care Committee at Osaka Prefecture University. The mice were anesthetized with ether and then decapitated. Segments of the ileum were removed and placed in Tyrode solution (137 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl 2 , 1.1 mM MgCl 2 , 0.42 mM NaH 2 PO 4 , 11.9 mM NaHCO 3 , and 5.6 mM glucose). The contents in the excised segments were gently flushed out with Tyrode solution; the segments were cut into 2.5-cm-long pieces and equilibrated at 37°C for at least 30 min before the experiment in 20 ml of Tyrode solution aerated with 95% O 2 and 5% CO 2 . Drugs were added to the organ bath in volumes (<200 ml) of less than 1% of the bathing solution; these volumes did not affect the spontaneous contractile activity or muscle tone.
Recording of ascending contraction and descending relaxation in response to the stimulus of distension
Ascending contraction and descending relaxation were recorded by a similar method to that reported previously (24) . In brief, mouse ileal segments were held horizontally with the side adherent to the mesentery at the bottom in a specially designed organ bath. For the balloon to dilate the intestine, we used the ARASHI dilation catheter (Terumo Corporation, Tokyo) aimed for improving myocardial coronary blood flow in the localized stenotic lesion, with some devices to be adapted for our purpose. The balloon (3.0 mm in diameter, 8 mm in length) was introduced into the lumen and positioned at the middle of the segment. The balloon was inflated with 0.1 or 0.15 ml warm water from the syringe to produce slightly greater local distension than that produced by a fecal bolus. The duration of distension was 15 s. To record ascending contraction, the mechanical response of the circular muscle about 1.0 cm oral to the balloon was recorded, by connecting a frog heart clip to a small area of the wall opposite to the anchor and then connecting the clip via a thread to an isotonic transducer (TD-112A; Nihon Kohden, Tokyo). To record descending relaxation, the mechanical response of the circular muscle about 1 cm anal to the balloon was recorded. Both ends of the segment were free. This arrangement allowed preferential recording of the response of the circular muscle. The circular muscle was subjected to a resting load of 0.5 g. The extent of contraction or relaxation was expressed as the area above or under the line of resting tone that was drawn on the bottom of resting spontaneous activity as described elsewhere (13, 25) . At the end of the experiments, 30 m M papaverine was added to determine the maximum relaxation of the preparation (26, 27) ; the treatment attenuated the spontaneous contractility, turning it to the relaxation that attained the maximum level within approximately 20 min in every preparation.
Recording of responses of ileal circular muscle to EFS or exogenously added ACh and Nor-1
The small strips of the ileum (3´10 mm) were prepared by dissecting the tissue along the long axis of circular muscle. The mucosal layer was removed by a blade. The strips were suspended in an organ bath containing 2 ml of Tyrode solution maintained at 37°C and bubbled with 95% O 2 and 5% CO 2 . One end of each segment was attached to a transducer and the other end was mounted on an anodal electrode placed at the bottom of the bath. After an equilibration period of 30 min, responses to EFS with trains of 100 or 150 pulses of 0.5-ms width, 30-V intensity, and 10-Hz frequency, were recorded isotonically with a 10-min interval between tests. In another series of experiments, responses to exogenously added ACh or Nor-1 were also recorded. The strip was subjected to a resting load of 0.5 g. 
Results

Ascending contraction and descending relaxation induced by local distension in ileal segments prepared from wild type and c-kit mutant mice
Ileal segments were held horizontally to record ascending and descending responses to local distension in a specially designed organ bath. At rest, the circular muscle of the ileal segments prepared from wild type mice exhibited spontaneous rhythmic contractions. On local distension, ileal segments showed contraction of circular muscle oral to the distended region (Fig. 1a) . This ascending contraction of the circular muscle of wild type mice was induced in all ileal segments examined (n = 10). TTX at 1 m M inhibited the contraction (Fig. 1a) ; since atropine at 1 mM also inhibited the contraction (Fig. 1a) , these results suggested that ACh was released from motor nerves to induce contraction (Fig. 1a) . TTX and atropine did not have any significant effect on the spontaneous contractile activity or on the tone of the circular muscle.
Local distension also induced relaxation of circular muscle anal to the distended region (Fig. 1b) . TTX (1 mM) inhibited the responses (Fig. 1b) . L-NOARG at 100 m M had little effect on the spontaneous activity or on the muscle tone, but significantly inhibited local distension-induced descending relaxation was by 82.7 ± 3.5% (mean ± S.E.M., n = 4) (Fig. 1b) . L-Arginine, but not D-arginine, at 1 mM gradually reversed the effect of L-NOARG, causing complete reversal in 20 -30 min in all segments tested (n = 4). Therefore, nitric oxide released from the efferent inhibitory motor nerves was suggested to be a mediator for the descending relaxation.
When the abdomen was opened, the small intestine of c-kit mutant W/W V mice exhibited significantly less peristaltic movement, compared with wild type mice; the small intestine of the mutant mice was distended by the large volume of contents which contained a large amount of water. The circular muscle of the ileal segments prepared from the mutant mice exhibited spontaneous rhythmic contractions, and its amplitude was significantly greater, compared with the wild type mice. Frequency was not different with statistical significance between wild type and mutant mice (Table 1) . On local distension, ascending contraction in the oral side (Fig. 2a , n = 6) and descending relaxation in the anal side (Fig. 2b , n = 7) of the inflated balloon were not induced in the mutant mice. An increase in the volume of inflation from 0.15 ml to 0.2 ml also did not induce any reflexes (data not shown). That is, both ascending and descending neural reflexes were lost in ileal segments from the mutant mice. The resting tone was determined by measuring the maximal relaxation induced by 30 m M papaverine (Fig. 3) . The papaverineinduced maximal relaxation in the mutant mice was smaller than that in wild type mice, suggesting that the resting tone of the segments was somewhat lowered in the mutant mice (Fig. 3) .
Effects of starvation on spontaneous contractile activity and on ascending and descending neural reflexes
To examine whether the large volume of ileal contents in the mutant mice may affect their ileal contractile activity and neural reflexes, we measured these responses by using ileal segments prepared from wild type and mutant mice subjected to 24-h starvation. After 24-h starvation, minimal content was present in the ileum of both types of mice. The ileal segments prepared from starved-wild type mice exhibited similar amplitude of contraction, compared with the control non-starved-wild type mice. By contrast, those from the starved mutant mice exhibited a significantly lower contraction amplitude, compared with the non-starved-mutant mice (Table 1 and Fig. 4) .
Furthermore, there was no difference in the amplitude between starved-wild type and starved-mutant mice. Therefore, it seems likely that retention of large volume of contents affected the spontaneous activity of mutant mice and that spontaneous activity obtained after the starvation was similar between wild type and mutant mice. Frequency was slightly decreased in the starvedmutant mice (Table 1) .
Local distension in the starved-wild type mice preparations induced ascending contraction and descending relaxation similar to those observed in the control nonstarved-wild type mice (Figs. 1 and 4a) . In contrast, local distension induced no response in the starved-mutant mice preparations (Fig. 4b) . It is likely that neural reflex responses are lost in the mutant and that the loss is not caused by distension of the ileal tissue due to retention of contents.
Responses of ileal circular muscle to EFS
We examined whether the impairment of ascending contraction and descending relaxation in W/W V mice may be attributed to the defect in the neurotransmission from efferent motor nerves to smooth muscle cells. The small strips of the ileum of wild type and mutant mice were prepared by cutting along the long axis of the circular muscle so that the movements of the circular muscle were recorded; in these small preparations, EFS-induced responses in the small preparations do not include long pathways for ascending and descending reflexes via interneurons within the myenteric plexus, but include only the final step of the pathways, that is, neurotransmission from the efferent motor neurones to the effector, smooth muscle cells. In the wild type mice, EFS (10 Hz for 10 s) induced contraction of circular muscle, which was inhibited in the presence of TTX (data not shown) and atropine (Fig. 5a ). In the mutant mice, EFS also induced TTX (Fig. 5b )-and atropine (data not shown)-sensitive contraction, as in the wild type mice. In addition, prostaglandin F 2a (PGF 2a , 1 m M)-induced contraction was comparable between wild type and mutant mice ( Fig. 5: a and b) ; moreover, the relative potency of EFS / PGF 2a , to induce contraction was similar between wild type (23%) and mutant mice (19%) (Fig. 5c) . Next, the small preparations were precontracted with PGF 2a , (1 m M) in the presence of atropine (1 m M) to obtain a clear relaxant response to EFS. The EFS-induced relaxation in wild type mice was completely inhibited (n = 4) in the presence of 10 m M L-NOARG and the inhibition was reversed by L-arginine (1 mM), suggesting a role of nitric oxide in the relaxant response (Fig. 6a) . In the precontracted preparations from the mutant mice, EFS also induced the nitric oxide-mediated relaxation similar to that observed in wild type (Fig. 6b) . Thus, it appears that there was no difference between wild type and mutant mice in the efficacy of neurotransmission from excitatory and inhibitory motor neurons to smooth muscle cells.
Responses of ileal circular muscle to exogenously added ACh and Nor-1
In wild type and mutant mice, ACh contracted ileal circular muscle in a concentration-dependent manner; the potency of ACh was comparable between wild type and mutant mice, except at 0.1 m M where mutant mouse ileum contracted to a greater extent than did wild type mouse ileum (Fig. 7a) . Nor-1, a nitric oxide donor, at 1 and 10 mM relaxed the circular muscle to similar extents in wild type and mutant mice (Fig. 7b) . Thus, the responsiveness of ileal segments obtained from the mutant mice to excitatory and inhibitory mediators was not impaired.
Discussion
Although the mediator of EFS-induced relaxation of longitudinal muscle of the mouse intestine has been studied (28 -32) , ascending and descending reflexes have not been studied in the mouse intestine. When we aim to examine the role of ICC in the neural reflex in the intestine, the results obtained in c-kit mutant mice are important for specifying the role of ICC-MY because c-kit mutant W/W V mice selectively lack ICC-MY (but not ICC-DMP) (6) . Therefore, we studied the neural reflexes in the mouse intestine by using a specially designed small balloon. Results obtained in this study suggest for the first time that ACh and nitric oxide are mediators of ascending contraction and descending relaxation, respectively, in the ileum of the mouse. The most interesting finding of the present study is the loss of ascending and descending reflexes in the W/W V mice. In our previous immunohitochemical study with anti-c-Kit antibody, ICC-MY and -DMP were present in the wild type mouse ileum and ICC-MY were selectively lost in W/W V mice (6) . Taking account of these results, an association of ICC-MY with ascending and descending neural pathways was strongly suggested in the mouse ileum. Distension of the mutant mouse ileum was observed when the abdomen was opened and the resting tone of the ileum was decreased when the ileal segments were suspended in an organ bath. However, amplitude of spontaneous contractile activity of the mutant mouse ileum was significantly increased. To examine whether the hyperactivity is associated with distension of the tissue, experiments were conducted in preparations obtained from both types of mice starved for 24 h. Starvation did not affect spontaneous contractile movements in the wild type, while it resulted in a significant decrease in the movements in the mutant. It seems that hyperactivity of the spontaneous movements in the mutant is due to distension of the tissue, probably as a result of physical stress, although pathophysiological responses due to chronic retention of the intestinal content are not necessarily excluded. It was previously shown that slow waves generated in the small intestinal smooth muscle cells of wild type mouse were not affected by D600, a Ca 2+ channel blocker, but spike-like action potentials generated in those of the mutant mice were blocked by D-600 (33) . Indeed, we also observed that the hyperactivity of the mutant ileum was blocked by nicardipine, a Ca 2+ channel blocker (data not shown). Therefore, it is possible that the hyperactivity is myo- genic in nature, although there is no report on the relationship between ICC activity and voltage-gated Ca 2+ channels. Extreme low activity in the mutant mice after the starvation in the present study is consistent with previous studies that showed loss of slow waves in the ileum of the mutant (4, 33) . Irrespective of starvation, both ascending contraction and descending relaxation were absent in the mutant ileal preparations. It has been reported that a decrease or loss of ICC is associated with human disease processes; namely, a significant decrease in number of ICC in Hirschsprung's disease (34) and a total loss of ICC in idiopathic intestinal pseudo-obstruction (35, 36) . It was also reported that the volume of ICC was significantly decreased in all layers of all colonic regions in slow transit constipation patients (37, 38) . Thus, association of loss of peristaltic reflexes and these diseases is an important area for future study.
We examined where the association of ICC-MY with intestinal reflex is present in such neural pathways. First, the extents of EFS-induced contractions and relaxations of ileal circular muscle were similar in wild type and W/W V mice. Second, addition of ACh or Nor-1 elicited similar amplitude of contractions or relaxations in circular muscle of both wild type and mutant mice. Thus, it seems likely that responses of smooth muscle cells to the transmitter substances and those elicited by nerve-stimulation do not differ between wild type and mutant mice.
Nitric oxide was shown to be a major neurotransmitter in descending relaxation in the mouse ileum in the present study. In our previous study, EFS-induced L-NOARG-sensitive relaxation of longitudinal muscle of the mouse ileum was lost in the W/W V mouse (6). Immunoreactive cells to anti-neural nitric oxide synthase (nNOS) antibody within myenteric ganglia of W/W V mice were moderately decreased, but this does not explain a complete loss of relaxation (6) . Therefore, loss of ascending and descending neural reflexes of W/W V mice in the present study may not be attributed to the moderate loss of nNOS positive cells.
Impairment of the mechanoreceptors that are activated by physical stress (i.e, intestinal contents) may be responsible for the loss of neural reflex responses in the mutant mice. As noted above, EFS-induced L-NOARG-sensitive relaxation of ileal longitudinal muscle was lost in the mutant mice (6) . Mechanoreceptors present within the mucosal layer may have no role in the EFS-induced relaxation of longitudinal muscle. However, since there is no direct evidence against involvement of the mechanoreceptors in the impairment of descending and ascending reflexes in the mutant, the possibility remains to be clarified.
It was first reported that the injection of anti-c-Kit monoclonal antibody to BALB / c mice resulted in a very significant decrease in spontaneous contractile activity of the small intestinal segments measured by isometric tension along the longitudinal axis (39) . Under similar experimental conditions, a loss of electrical rhythmicity in the small intestine was reported (40) . The authors of these reports suggested that c-kit plays a crucial role in the development of electrical rhythmicity and associated contractile activity. The role of ICC in initiating electrical synchronous rhythmic activity in ICC and in smooth muscle cells was also suggested in the guinea pig stomach (41 -43) . ICC-IM were suggested to be important for EFS-induced i.j.ps and relaxation in the lower esophageal sphincter (1), fundus (2) , and pyloric sphincter (1), as evidenced by the loss of ICC-IM, as well as EFS-induced i.j.ps and relaxation in these regions of W/W V mice. On the other hand, subsequent studies in mouse small intestine showed that ICC-MY, but not ICC-DMP, were lost in W/W V mouse, concomitant with the loss of slow wave generation of circular smooth muscle cells (4, 33) . Thus, ICC-MY were regarded as the most important component for induction of slow waves and spontaneous contractile activity (4, 33) , as well as propulsive contraction (44) in the mouse small intestine. On the other hand, it was suggested that ICC-MY are not important for inhibitory transmission in the ileum, since EFS-induced i.j.ps were not affected in the W/W V mouse ileum (4). Furthermore, ICC-MY were also suggested not to be important for induction of migrating motor complexes in mouse small intestine (45) . These results show that the roles of ICC-MY differ among the regions and also the kinds of intestinal activities studied. The present study indicates that ICC-MY are important for ascending contraction and descending relaxation. ICC-IM are absent from the ileum of the mouse. Thus, a discrepancy in the role of ICC-MY in neural transmission in the ileum might be shown between the above-described previous studies (4) and the present studies. It should be, however, pointed out that there is a difference in experimental conditions between these two studies. Electrical stimuli were applied from a site close to the recording site (4) . In contrast, we recorded mechanical responses that were mediated through neural reflex pathways. Only the experiments with the small strips in our present study have conditions close to those of the EFS experiment. Indeed, in our experiments with small strips, EFSinduced contraction and relaxation were not affected in the mutant mice. Therefore, it appears that the presence of ICC-MY is essential for ascending and descending reflexes.
In conclusion, we demonstrated that ascending contraction and descending relaxation were impaired in the c-kit mutant mouse, W/W V , and that ICC-MY are crucial for the transmission; however, the question of why ICC-MY are necessary for the neural pathways remains unsolved.
